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and ecology are also currently understudied in brown algae (Luthringer et al., 2014) . Sexual confounding factor of red irradiance in our transcriptomic analysis, red light was replaced by 1 3 7 white light with a photon fluence rate of 10 -15 µmol photons m -2 s -1 (16hL:8hD) provided by 1 3 8 fluorescent lamps OSRAM L 18W for one week prior to and during the experiment. These male gametophytes clumps were each transferred separately to plastic petri dishes (diameter 9.5 1 4 2 cm x height 3 cm) (n=4) and exposed to three temperatures (4°C, 12°C and 20°C). Experimental Helgoland (Breitbach et al., 2016) and a control temperature (12°C) that falls within optimal 1 4 5 growth range for the species (Bolton and Lüning, 1982; Lee and Brinkhuis, 1988 were conducted in three environmentally controlled rooms and additionally temperatures were 1 4 7 kept constant by circulating water baths (models Haake DC1, VWR 1136D). After 14 days of 1 4 8 temperature exposure, gametophytes were sampled for RNA extraction. Samples were frozen in 1 4 9 liquid nitrogen and stored at -80°C until further use. RNA extraction was performed within three 1 5 0 weeks after sampling. Maximum photosynthetic quantum yield of PS II (Fv/Fm) was measured at the start and end of 1 5 2 the experiment (n=4). Gametophytes were dark-adapted for 10 min prior to the measurements. and 75 bp paired reads were clipped using default values of the Illumina software. Raw reads 1 7 0 were quality controlled by FastQC (https://www.bioinformatics.babraham.ac.uk/projects/fastqc/) 1 7 1 and quality filtered using Trimmomatic v. 0.36 (Bolger et al., 2014) . Quality filtering was 1 7 2 performed using the following parameters: leading 3, trailing 3, sliding window 4:15, minlen 30. The Illumina sequence reads generated during the present study are available in the Array Reads from all treatments (three temperatures x two sexes) were assembled de novo the RNAseq the available S. japonica genome (Ye et al., 2015) and previously assembled transcriptomes of S. latissima (Heinrich et al., 2012; Jackson et al., 2017) . A PCA plot of the counts-per-million, followed by a log2 transformation, of all treatments was generated by a Trinity script. Differential expression was calculated using DESeq2 (Love et al., 2014) at Trinity's gene level with an adjusted level of P≤0.001 and a log 2 fold change of at least 2 indicating significance. in October 2017). In addition, annotation of transcripts via DIAMOND v0.9.13 similarity search 1 9 2 (Buchfink et al., 2015) , using "more-sensitive" option against the NR database (October 2017) 1 9 3 was performed. To investigate the function of significantly up-and down-regulated genes, Gene Ontology (GO) 1 9 5 enrichments were conducted using GOseq (Young et al., 2010) . Results were summarized with 1 9 6
CateGOrizer by applying GO slim (Hu et al., 2008) . Venn diagrams were produced applying a 1 9 7 webtool (http://bioinformatics.psb.ugent.be/webtools/Venn/). To estimate overall fitness of the gametophytes, we assessed maximum photosynthetic quantum all treatments a modest increase in fresh weight up to a maximum of 20% in females at 12°C was 2 0 7
observed. No significant treatment changes were detected for Fv/Fm (data not shown). To explore patterns of gene expression, we sequenced RNA obtained from male and female 2 1 1 gametophyte samples exposed to three different temperatures (4°C, 12°C and 20°C). BUSCOs and 1% missing BUSCOs ( Supplementary Table S1 ). 36,379 transcripts were 2 2 3 functionally annotated using the UniProt Swiss-Prot database, 33,606 using Pfam and 60,961
with Uniref90 and 45,240 using NR. A total of 14,240 GO terms and 17,562 KEGG orthology 2 2 5
(KO) were assigned to the transcripts. Sex-biased gene expression at the control temperature tested. Many genes were differentially expressed between males and females at the three 2 3 3 temperatures (23,698 -11.2%; Figure 2 ). Differential gene expression between sexes at the 2 3 4
control temperature (12°C -13,991 DEGs) was higher than at a temperature of 20°C (10,590) 2 3 5
and at 4°C (9,411; Figure 2 ). Differential expression between sexes was more similar between temperatures, 29% were uniquely up-regulated at 20°C, 28% at 12°C and 9% at 4°C. In turn, by its loading values (Legendre and Legendre, 2012) , revealed genes potentially related to sex biosynthetic process", "organonitrogen compound biosynthetic process" and "translation" for 2 7 0 both females and males up-regulated DEGs ( Supplementary Table S3 ). Terms related to 2 7 1 cytoskeleton and signalling, e.g. "cellular component assembly", "actin filament organization", 2 7 2 "small GTPase mediated signal transduction" were uniquely overrepresented in males while GO 2 7 3 terms related to aminoacid metabolism ("carboxylic acid metabolic process") and nucleic acid 2 7 4 metabolism ("nucleoside triphosphate metabolic process") were uniquely overrepresented in contained several human-related biological processes, we applied GO slim to provide an consistently across temperatures, we identified GO terms related to metabolism and responses to cues. In the category metabolism, the GO terms "protein metabolism" and "catabolism" were pathway", "transposition", "DNA integration" ( Supplementary Table S3 ). In this study, we identified a high number of genes differentially expressed between male and 3 1 3 female gametophytes which were in the vegetative stage. This pattern is consistent with 3 1 4 descriptions for Ectocarpus sp. by Lipinska et al. (2015) who reported that differential gene 3 1 5 expression between males and females was higher during the immature stage than during the 3 1 6 fertile one. Furthermore, more female-than male-biased genes were identified, which agrees the three species belong to different orders and even high variability in sex-biased gene 3 2 2 expression among species of the same genus has been described before (Metta et al., 2006) .
Moreover, differences may mirror the different life cycles (Coelho et al., 2019) . While Laminariales is stronger than in the order Ectocarpales and while the first produce anisogamous gametes are both motile and isogamous (Luthringer et al., 2014) .
Functional analysis of the differentially expressed genes revealed that several metabolic GO terms related to general metabolism are enriched, such as "carbohydrate metabolism", "lipid 3 3 2 metabolism", "nucleobase, nucleoside, nucleotide and acid metabolism". In addition, the over- represented GO term "generation of precursor metabolites and energy" suggest that female 3 3 4 gametophyte cells are actively investing in cell growth and energy production. This is consistent 3 3 5
with observational microscopy studies, as female gametophyte cells tend to grow in size while 3 3 6 male gametophyte cells tend to grow in number (Destombe and Oppliger, 2011; Lüning, 1980 ; growth as larger female gametophyte cells will release bigger eggs that tend to generate larger 3 3 9
sporophytes (Bell, 1997) . Within lipid metabolism, we identified four genes coding for 3 4 0 lipoxygenase that were sex-specific in S. latissima in this study ( Supplementary Table S5 ) and Lipoxygenases are involved in lipid oxidation and play an important role in the biosynthesis of a heat stress protection response that involves similar pathways in both sexes. This is in 4 0 1 agreement with 4°C and 12°C being more suitable temperatures for gametophyte growth and 4 0 2 gametogenesis than 20°C (Lüning, 1980) . It is widely accepted that temperature is a major factor controlling reproduction in seaweeds 4 0 4 (Andrews et al., 2014; Egan et al., 1989; Hurd et al., 2014a) . This is further supported in our Only a small proportion of differentially expressed genes were consistent across temperatures with visible cell damage (Bolton and Lüning, 1982) . Hence, the higher temperature tested in the (Helgoland, North Sea, (Breitbach et al., 2016) ). Other studies have suggested that male kelp 4 1 6
gametophytes are slightly more thermotolerant than females (Lee and Brinkhuis, 1988 ; tom 4 1 7
Dieck, 1993). This is supported by the differential gene expression of our study. The male 4 1 8
gametophytes seem to be more resilient to the heat stress as functional categories such as 4 1 9
"response to stress", response to external and abiotic stimuli and "cell death" were over-
represented in females and categories such as "cell cycle" were over-represented in males. In heat stress of female gametophytes. Assessing differential sensitivity to high temperatures 4 2 9
between sexes in gametophytes is relevant for hybridization protocols aiming to produce more 
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